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RESEARCH

Open Access

Healthcare access and mammography screening
in Michigan: a multilevel cross-sectional study
Tomi F Akinyemiju1,7*, Amr S Soliman1, May Yassine2, Mousumi Banerjee3, Kendra Schwartz4 and Sofia Merajver5,6

Abstract
Background: Breast cancer screening rates have increased over time in the United States. However actual
screening rates appear to be lower among black women compared with white women.
Purpose: To assess determinants of breast cancer screening among women in Michigan USA, focusing on
individual and neighborhood socio-economic status and healthcare access.
Methods: Data from 1163 women ages 50-74 years who participated in the 2008 Michigan Special Cancer
Behavioral Risk Factor Survey were analyzed. County-level SES and healthcare access were obtained from the Area
Resource File. Multilevel logistic regression models were fit using SAS Proc Glimmix to account for clustering of
individual observations by county. Separate models were fit for each of the two outcomes of interest;
mammography screening and clinical breast examination. For each outcome, two sequential models were fit; a
model including individual level covariates and a model including county level covariates.
Results: After adjusting for misclassification bias, overall cancer screening rates were lower than reported by survey
respondents; black women had lower mammography screening rates but higher clinical breast examination rates
than white women. However, after adjusting for other individual level variables, race was not a significant predictor
of screening. Having health insurance or a usual healthcare provider were the most important predictors of cancer
screening.
Discussion: Access to healthcare is important to ensuring appropriate cancer screening among women in
Michigan.
Keywords: Mammography screening, Access to healthcare, Neighborhood effects, Socio-economic status

Introduction
The breast cancer incidence-mortality disparity has been
described as the disproportionately higher mortality rate
among black women compared with whites in the United
States but higher incidence among whites compared with
blacks [1-6]. Between 2004 and 2008, breast cancer incidence rate was 133 per 100,00 among non-Hispanic whites
compared with 120 per 100,000 among black women,
while mortality rate was 23 per 100,000 among nonHispanic whites compared with 32 per 100,000 among
black women [7]. Similar trends have also been observed
in Michigan [8]. Several studies have suggested that
this disparity may be due to biological differences that
* Correspondence: tomiaki@umich.edu
1
Department of Epidemiology, University of Michigan School of Public
Health, Ann Arbor, MI 48109, USA
Full list of author information is available at the end of the article

predispose black women to more aggressive forms of
breast cancer [4,9-13], while others attribute the disparity
to differences in socio-economic status [5,14-17], access to
healthcare [18,19] and mammography use [18,20]. Complete understanding of the incidence-mortality paradox
observed in the US is complicated by the presence of racial
disparities in these predictors.
In the United States, recent survival studies show that
black women are more likely to be diagnosed with breast
cancer at advanced stages compared with white women
[15,18,19,21], and are less likely to have timely follow-up
of abnormal mammography findings [22-24]. This suggests that the observed incidence-mortality paradox may
be due to the lack of adequate mammography screening
and diagnostic follow-up among black women [21].
Mammography screening remains the most effective
method available to date and has been shown to increase
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the likelihood of early diagnosis, optimal treatment, and
survival [25,26]. On the other hand, there are associated
risks of overdiagnosis and overtreatment to healthy
women which have also been discussed [27]. Nevertheless, the United States Preventive Task Force (USPTF)
recommends biennial mammography screening for
women ages 50-74 years [28]. However, data from hospital records in the US shows that mammography screening is underutilized, and racial disparities exist in
screening [29]. For instance, the prevalence of mammography screening across the US in 2006 was 65% among
whites, and 59% among blacks [1].
Previous studies have suggested that individual and
neighborhood factors such as SES and healthcare access
may contribute to underutilization and racial disparities in
mammography screening [19,30-34]. For instance, adequate and timely mammography screening are more likely
among women that are more educated, have higher
income and have health insurance [35,36]. Research
studies also suggests that residing in rural areas [30], and
neighborhoods with low supply of primary care physicians
and low number of health clinics was associated with
lower likelihood of cancer screening [20]. In addition,
residing in neighborhoods with low socio-economic status
has also been associated with lower mammography
screening rates [36,37]. Similarly, lack of adequate healthcare facilities at the neighborhood level may also have significant effects on the likelihood of getting adequate
screening and follow-up [24,34]. Unfortunately, few studies in the US have comprehensively assessed the role of
individual SES and access to care (such as health insurance
and having a usual healthcare provider), as well as neighborhood level SES and access to care on the receipt of
adequate breast cancer screening.
The aim of this analysis was to investigate individual
(such as demographics, SES and health care access) and
neighborhood (such as SES and health care access)
determinants of mammography screening and clinical
breast examination among adult women in Michigan,
USA.

cancer knowledge among adults in Michigan. The survey
questions were modeled after those of the Centers for Disease Control and Prevention Behavioral Risk Factor Surveillance System’s telephone survey. The survey was
designed to over-sample African Americans, Arab/Chaldean Americans, Asian Americans, Native Americans, and
Hispanics residing in Michigan, USA in order to facilitate
analysis of cancer screening and risk behaviors among
these groups, and to ensure enough sample size for meaningful comparisons between these groups and the remaining Michigan population. To account for the varying
probabilities of selection, sampling weights were applied to
the dataset.
The analytic dataset was restricted to black and white
women ages 50-74 who participated in the survey. There
were 1163 women residing in 80 out of the 83 counties in
Michigan that met this criterion. Michigan is one of 50
states in the US, with a population of about 10 million in
2008. The average county population size in 2008 was
120,512 [39]. Individual counties were identified using the
US Federal Information Processing Standard (FIPS) code
[40] to link county variables with individual cases’ county
of residence at diagnosis as reported in the survey. All analytic variables were based on self-reports from survey
respondents.
Ethical approval was received from the Michigan
Department of Community Health Institutional Review
board, and informed consent was obtained from all
participants.

Methods
Data sources and analytic samples

The source of data for this analysis was the 2008 Michigan
Special Cancer Behavioral Risk Factor Survey [38]. This
was a disproportionate stratified telephone survey of noninstitutionalized adults 40 years of age or older residing in
Michigan, USA. Eligible individuals were identified using
random digit dial sampling procedures to ensure that all
residents had an equal chance of being included in the
study. Within selected households that included at least
one eligible adult, one adult was randomly selected to
complete the interview. The aim of the survey was to
assess risk factors, family history, screening behaviors and

Data management

Race was categorized as black (n = 327) and non-Hispanic
white (n = 836). Mammography use was characterized as
the amount of time since the most recent mammography.
For the analysis, mammography was categorized as
received within the past two years (up to 24 months ago)
or received more than two years ago. Clinical breast examination (CBE) was characterized as breast examination by
a professional (doctor, nurse or other health professional)
for lumps or other signs of breast cancer. CBE was categorized as received within the past two years or more than
two years ago.
Adjusted Prevalence of Mammography Screening and
CBE: estimates of mammography screening and CBE
among black and white survey respondents were adjusted
for misclassification bias using sensitivity and specificity
values obtained from a published meta-analysis of previous studies [1,29]. The meta-analysis was based on
12 published studies that compared self-reported cancer
screening such as mammography, CBE and Pap smear
against medical and billing records among women ages
40 years and above. To assess for differential misclassification by race, sensitivity and specificity values were
calculated separately for blacks and whites when data
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were available. Specificity was defined as the probability
that a negative screening history was reported as negative;
sensitivity was defined as the probability that a positive
screening history was reported as positive. For mammography screening, sensitivity for both black and white
women was 0.97, however, the specificity for black
women was 0.49 and for white women was 0.62. For
CBE, data was not available by race but overall, sensitivity
was 0.94 and specificity was 0.25. In this study, adjustment for misclassification in mammography and CBE
screening prevalence was done using the formula: (estimated prevalence - 1 + specificity) / (sensitivity + specificity 1 ) [41].
Health care access

Individual health care access was assessed by including
variables related to health insurance, having a usual source
of care such as a particular hospital or clinic, and having a
usual healthcare provider such as a personal doctor. We
adjusted for differences in population size by dividing the
counts per 10,000 people in each county. The derived variables were subject to principal component analysis (PCA)
on count per 10,000 individuals of number of hospitals,
number of medical doctors, number of medical doctors
with obstetrics and gynecology specialty, number of DOs,
number of DOs with obstetrics and gynecology specialty,
number of nurse practitioners, and the number of mammography facilities. SAS Proc Factor was used to generate
county-specific scores based on our input variables [42].
The first two components together accounted for 50.5% of
the total variance. Based on this criterion, MDs per
10,000, MDs in Ob-Gyn per 10,000, nurse practitioners
per 10,000, and DOs per 10,000 were loaded on the first
component; hereafter named Personnel. Number of hospitals per 10,000 and number of mammography facilities per
10,000 were loaded on the second component; hereafter
named Facilities. These scores were categorized into two
groups; low and high.
Socio-economic status

County level socio-economic status was defined using
PCA to create three composite measures related to affluence, disadvantage and immigration. Concentrated affluence was based on county level proportion of individuals
making over $100,000, proportion over 25 years old with a
college degree and the proportion of white collar workers.
Concentrated disadvantage was based on county level proportion of persons in poverty, proportion of families with
a female-headed household, proportion of households that
are food stamp recipients, and proportion of unemployed.
Concentrated immigration was based on the proportion of
foreign born individuals and the proportion of nonEnglish speaking individuals. The affluence, disadvantage
and immigration scores accounted for 84%, 74% and 94%
of the total variance respectively, in the data. These scores
were categorized into two groups; low and high.
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Statistical analysis

All statistical analyses were performed using SAS statistical
software (SAS, Version 9.2). Weights were applied to the
descriptive analysis to facilitate the comparison of blacks
and non-Hispanic whites, adjust for non-response and
stratifications while taking advantage of the oversampling
of black participants. Descriptive statistics were generated
using chi-square statistics. Multilevel logistic regression
models assessing significant individual and neighborhood
predictors of recent mammography screening and recent
CBE were created using Proc Glimmix in SAS. This procedure was chosen to account for the correlation of observations within counties. Two models were created; the first
model assessed individual level predictors including age,
race, income, employment, education, marital status,
health insurance, having a usual source of care and having
a usual healthcare provider. The second model included
variables related to county level SES, health care access
and proportion of blacks. The effect of these variables on
the estimate of the intercept (county effect) was observed,
and if found to be attenuated was taken as evidence of
mediation.

Results
Overall, 90.80% of black and non-Hispanic white women
ages 50-74 had received a mammography test in the past 2
years; 90.98% of white women and 90.35% of blacks. After
adjusting for misclassification, 85% of black women and
90% of white women had received a mammography test.
88.75% of women overall had received a CBE in the past 2
years; 88.53% of white women, 89.31% of black women.
After adjusting for misclassification, 74% of black women
and 68% of white women had received a CBE in the past 2
years.
Table 1 presents the distribution of survey respondents
according to the SES and healthcare access characteristics
of their county of residence. 49% of respondents resided in
counties with low healthcare facilities compared with 51%
in counties with the high healthcare facilities; 48% of
respondents resided in counties with the low healthcare
personnel compared with 52% in counties with low healthcare personnel. 43% of respondents resided in counties
with a low proportion of affluent households, compared
with 57% in counties with a high proportion. 61% of
respondents resided in counties with a low proportion of
socio-economically disadvantaged households compared
with 39% in counties with the highest proportion. Furthermore, 70% of survey respondents resided in counties that
were both high in concentrated affluent and concentrated
disadvantage (data not shown). 53% of respondents resided
in counties with less than 6% of immigrants, compared
with 47% in counties with the over 6% of immigrants.
The distribution of individual demographics, SES and
healthcare access variables, as well as county level SES
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Table 1 Distribution of County Level Socio-Economic Status and Healthcare Access Variables (%) of 2008 SCBRFS
Participants from 83 Michigan Counties, 2000
Facilitiesa

Personnela

Affluenceb

Disadvantagec

Immigrationd

Percent Blacke

Low

49.35

48.07

42.57

61.04

53.05

35.52

High

50.65

51.93

57.43

38.96

46.97

64.48

a
Personnel and Facilities, two measures of health care access were defined using principal components analysis on the count per 10,000 population of several
variables by county: hospitals, mammography facilities, MDs, DOs and nurse practitioners
b
Concentrated affluence was based on PCA of county level proportion of individuals making over $100,000, proportion over 25 years with a college degree and
the proportion of white collar workers
c
Concentrated disadvantage was based on PCA of county level proportion of persons in poverty, proportion of families with a female-headed household,
proportion of households that are food stamp recipients, and proportion of unemployed
d
Concentrated immigration was based on PCA of the proportion of foreign born individuals and the proportion of non-English speaking individuals
e
Percent black was categorized as low if less than 6% and high if 6% or more

and healthcare access variables by race are presented in
Table 2. In general, blacks were more likely than whites
to earn less than $35,000 per year, were less likely to be
employed, and were more likely to be single, divorced
or widowed (p < 0.001). In addition, blacks were more
likely to have a usual source of care (such as a particular
hospital or clinic), were more likely to be smokers, and
more likely to have had a past diagnosis of breast cancer
(p < 0.05). At the county level, 80% of blacks resided in
counties with low healthcare facilities, although over
95% of blacks resided mostly in counties with high
healthcare personnel. This is in contrast with white
respondents who were more likely to reside in counties
with high level of healthcare facilities (63%), but also in
counties with the low healthcare personnel (65%).
About 44% of white respondents resided in counties
with the high concentrated affluence compared with
91% of blacks (p < 0.001). However, 83% of black
respondents also resided in counties with high concentrated disadvantage compared with only 22% of whites.
Blacks were more likely to reside in counties with high
concentrated immigration (86%) compared with whites
(32%). Over 99% of blacks resided in counties with over
6% of blacks compared with 51% of whites.
The results of the adjusted analyses predicting recent
mammography screening and recent clinical breast examination are presented in Tables 3 and 4 respectively. As
presented in Table 3, after adjusting for individual demographic variables such as age, income, employment, marital status and education, there was no statistically
significant difference in mammography screening between
black and white women (OR = 0.63, 95% CI = 0.34-1.16).
In addition, having no usual source of care reduced the
likelihood of mammography screening by 54% (OR = 0.46,
95% CI = 0.21-0.99); having no healthcare provider (such
as a usual doctor or nurse) was associated with 68% lower
likelihood of receiving a mammography test in the past
two years (OR = 0.32, 95% CI = 0.15-0.69); and having no
healthcare insurance was associated with a 73% reduction
in the likelihood of receiving a mammography test (OR =
0.27, 95% CI = 0.14-0.54). Adjusting for county level SES

and healthcare access covariates tended to attenuate individual level healthcare access variables, although all except
having a usual source of care remained statistically significant; having no usual healthcare provider and no healthcare insurance remained the significant predictors of
recent mammography use.
There were no significant racial differences in the model
predicting receipt of recent clinical breast examination
(OR = 0.68, 95% CI = 0.37-1.26) even after adjustment for
demographics, county level SES and healthcare access covariates (Table 4). In addition, covariates that were significantly associated with a recent CBE included lacking a
usual healthcare provider (OR = 0.34, 95% CI = 0.17-0.67)
and lacking healthcare insurance (OR = 0.40, 95% CI =
0.21-0.75). After adjusting for county level SES and healthcare access, healthcare insurance was the only statistically
significant predictor of recent CBE (OR = 0.37, 95% CI =
0.19-0.71).

Discussion
Potential individual and neighborhood level determinants
of adequate breast cancer screening among women residing in Michigan, USA were explored in this analysis. Race
was not a statistically significant determinant of cancer
screening in adjusted or unadjusted analysis; however, lack
of healthcare insurance and lack of a usual healthcare provider reduced the likelihood of getting adequate mammography screening. These variables remained significant
even after adjusting for county level SES and healthcare
access. Similarly, lacking health insurance was associated
with reduced likelihood of receiving a CBE in the past two
years.
This study supports previous research that have found
that individual healthcare access through health insurance
and having access to a usual healthcare provider are
important determinants of cancer screening [43-47]. We
tested the hypothesis that county level SES and healthcare
access would also significantly predict cancer screening
even after adjusting for individual level predictors. None
of our county level predictors were significant, and this
may be due to several factors. Firstly, it is possible that by
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Table 2 Characteristics of 2008 SCBRFS Participants
Characteristic

White (N = 836)

Black (N = 327)

P-Value
0.32

Age
50-60

52.74

55.99

61-74

47.26

44.01

Income ($)
< 35,000

31.86

40.98

35,000-74,999

32.37

23.83

> 75,000

17.81

9.53

Missing

17.98

25.66

< 0.001

Employment
Employed

47.38

36.13

Unemployed

18.07

15.31

Retired/Unable

34.55

47.88

< 0.001

Education
Less than High School

41.05

40.86

Some College

34.82

36.28

College plus

24.01

22.28

0.48

Marital Status
Single

2.46

13.40

Married

77.56

31.16

< 0.001

Divorced/Separated

11.79

29.00

Widowed

8.10

25.46

90.28
9.69

95.47
3.99

0.001

0.24

Usual Source of Care
Yes
No
Usual Healthcare Provider
Yes

91.35

91.42

No

8.59

8.04

Family History of Breast Cancer
Yes

18.68

16.38

No

80.96

83.62

0.35

Past Diagnosis of Breast Cancer
Yes

5.42

10.04

No

94.21

89.72

0.02

Health Insurance Status
Yes

92.85

92.33

No

7.15

7.12

0.09

43.92
56.08

56.77
42.77

< 0.001

< 0.001

Smoking
Yes
No
Facilitiesa
Low

37.48

79.66

High

62.52

20.34

Personnela
Low

65.17

4.42

High

34.83

95.58

< 0.001

Concentrated Affluenceb
Low

55.85

8.69

High

44.15

91.31

< 0.001

Concentrated Disadvantagec
Low

78.35

16.85

High

21.65

83.15

< 0.001
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Table 2 Characteristics of 2008 SCBRFS Participants (Continued)
Concentrated Immigrationd
Low

68.21

14.36

High

31.79

85.64

Percent Black
< 6%
> = 6%

49.15

0.73

50.85

99.27

< 0.001

< 0.001

Recent Mammographye
Yes

87.57

89.14

No

8.68

9.52

Missing

3.76

1.34

86.82
11.25

86.24
10.32

1.93

3.44

< 2 weeks

26.69

25.12

> = 2 weeks

11.16

5.86

No follow-up required

62.15

69.02

0.09

Recent CBEf
Yes
No
Missing

0.29

g

Follow-up Time

0.01

a

Personnel and Facilities, two measures of health care access were defined using principal components analysis on the count per 10,000 population of several
variables by county: hospitals, mammography facilities, MDs, DOs and nurse practitioners
b
Concentrated affluence was based on PCA of county level proportion of individuals making over $100,000, proportion over 25 years with a college degree and
the proportion of white collar workers
c
Concentrated disadvantage was based on PCA of county level proportion of persons in poverty, proportion of families with a female-headed household,
proportion of households that are food stamp recipients, and proportion of unemployed
d
Concentrated immigration was based on PCA of the proportion of foreign born individuals and the proportion of non-English speaking individuals
e
Recent mammography defined as the receipt of a mammography test in the past 2 years
f
Recent CBE defined as the receipt of a clinical breast examination in the past 2 years
g
Follow-up time defined as the number of days before receipt of final results among women with an abnormal breast exam in the past 10 years

Table 3 Multivariate Multilevel Models for Recent Mammography by Individual and County Level Characteristics
Characteristic

Model 1: Demographics

a

Model 2: + County

Race
White
Black (Ref.)

0.63 (0.34-1.16)

0.64 (0.32-1.28)

-

-

1.16 (0.71-1.91)

1.12 (0.68-1.85)

-

-

Age
50-60
61-74 (Ref.)
Income
< 35,000

0.33 (0.14-0.76)**

0.32 (0.14-0.74)**

35,000-74,999

0.47 (0.21-1.05)

0.46 (0.21-1.03)

> 75,000 (Ref.)

-

-

Employment
Unemployed

0.85 (0.46-1.56)

0.90 (0.48-1.67)

Retired/Unable

1.15 (0.66-2.00)

1.13 (0.65-1.99)

Employed (Ref.)

-

-

2.19 (1.21-3.96)**

2.05 (1.12-3.75)*

1.49 (0.85-2.60)

1.45 (0.82-2.56)

-

-

Education
Less than High School
Some College
College plus

b
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Table 3 Multivariate Multilevel Models for Recent Mammography by Individual and County Level Characteristics
(Continued)
Marital Status
Single

0.50 (0.25-1.02)

0.51 (0.25-1.03)

Divorced/Separated

0.74 (0.43-1.27)

0.75 (0.43-1.31)

Widowed

1.24 (0.62-2.48)

1.22 (0.60-2.44)

Married (Ref.)

-

-

Usual Source of Care
No

0.46 (0.21-0.99)*

0.46 (0.21-1.02)

-

-

0.32 (0.15-0.69)**

0.33 (0.15-0.71)**

-

-

0.27 (0.14-0.54)**

0.26 (0.13-0.52)**

-

-

Yes (Ref.)
Usual Healthcare Provider
No
Yes (Ref.)
Health Insurance Status
No
Yes (Ref.)
Facilities

c

Low

1.55 (0.76-3.14)

High (Ref.)
Personnel

-

c

Low

1.16 (0.48-2.80)

High (Ref.)

-

Concentrated Affluence
Low

d

2.23 (0.89-5.56)

High (Ref.)

-

Concentrated Disadvantage

e

Low

1.26 (0.55-2.87)

High (Ref.)

-

Concentrated Immigration

f

Low

0.82 (0.32-2.14)

High (Ref.)
Percent black

g

< 6%

0.88 (0.37-2.09)

> = 6% (Ref.)

-

a

Model adjusting for individual demographic variables only
b
Model adjusting for county level variables including healthcare access and SES in addition to individual demographic variables
c
Personnel and Facilities, two measures of health care access were defined using principal components analysis on the count per 10,000 population of several
variables by county: hospitals, mammography facilities, MDs, DOs and nurse practitioners
d
Concentrated affluence was based on PCA of county level proportion of individuals making over $100,000, proportion over 25 years with a college degree and
the proportion of white collar workers
e
Concentrated disadvantage was based on PCA of county level proportion of persons in poverty, proportion of families with a female-headed household,
proportion of households that are food stamp recipients, and proportion of unemployed
f
Concentrated immigration was based on PCA of the proportion of foreign born individuals and the proportion of non-English speaking individuals
*P < 0.05, **p < 0.01, ***p < 0.001; Ref, reference group

Table 4 Multivariate Multilevel Models for Recent CBE by Individual and County Level Characteristics
Characteristic

Model 1: Demographics

a

Model 2: + County

Race
White
Black (Ref.)

0.67 (0.41-1.11)

0.68 (0.37-1.26)

-

-

1.30 (0.84-2.01)

1.31 (0.85-2.03)

-

-

Age
50-60
61-74 (Ref.)

b
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Table 4 Multivariate Multilevel Models for Recent CBE by Individual and County Level Characteristics (Continued)
Income
< 35,000

0.49 (0.24-0.99)*

0.51 (0.25-1.03)

35,000-74,999

0.80 (0.40-1.57)

1.82 (0.41-1.62)

> 75,000 (Ref.)

-

-

Unemployed

0.69 (0.40-1.18)

0.69 (0.40-1.20)

Retired/Unable

0.91 (0.55-1.49)

0.89 (0.54-1.47)

Employed (Ref.)

-

-

Less than High School

1.19 (0.69-2.04)

1.25 (0.72-2.16)

Some College

0.91 (0.54-1.53)

0.96 (0.56-1.62)

-

-

Single

0.55 (0.29-1.04)

0.54 (0.28-1.04)

Divorced/Separated

0.84 (0.51-1.39)

0.82 (0.49-1.36)

Widowed

1.06 (0.59-1.91)

1.07 (0.60-1.93)

-

-

Employment

Education

College plus
Marital Status

Married (Ref.)
Usual Source of Care
No
Yes (Ref.)

0.55 (0.26-1.13)
-

0.53 (0.25-1.09)
-

Usual Healthcare Provider
No
Yes (Ref.)

0.34 (0.17-0.67)**

0.35 (0.18-0.70)**

-

-

Health Insurance Status
No

0.40 (0.21-0.75)**

Yes (Ref.)
Facilities
Low

-

0.37 (0.19-0.71)**
-

c

1.04 (0.65-1.68)

High (Ref.)

-

c

Personnel
Low

High (Ref.)
Concentrated Affluenced
Low
High (Ref.)
Concentrated Disadvantagee
Low

0.65 (0.33-1.29)
1.45 (0.70-3.00)
1.61 (0.93-2.78)
-

High (Ref.)
Concentrated Immigrationf
Low

0.73 (0.34-1.58)
-

High (Ref.)
Percent blackg

0.85 (0.45-1.62)

< 6%

-

> = 6% (Ref.)
a

Model adjusting for individual demographic variables only
Model adjusting for county level variables including healthcare access and SES in addition to individual demographic variables
c
Personnel and Facilities, two measures of health care access were defined using principal components analysis on the count per 10,000 population of several
variables by county: hospitals, mammography facilities, MDs, DOs and nurse practitioners
d
Concentrated affluence was based on PCA of county level proportion of individuals making over $100,000, proportion over 25 years with a college degree and
the proportion of white collar workers
e
Concentrated disadvantage was based on PCA of county level proportion of persons in poverty, proportion of families with a female-headed household,
proportion of households that are food stamp recipients, and proportion of unemployed
f
Concentrated immigration was based on PCA of the proportion of foreign born individuals and the proportion of non-English speaking individuals
*P < 0.05, **p < 0.01, ***p < 0.001; Ref, reference group
b
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accounting for individual healthcare access, county level
SES and healthcare access measures are no longer important. For instance, for someone who has health insurance
and a usual healthcare provider, lack of healthcare facilities
and high concentrated disadvantage in their county may
no longer be relevant; they already have a relationship
with healthcare personnel who may provide recommendations, send reminders and schedule tests. This is in line
with another study which reported that having a physician
recommendation was the single most important predictor
of mammography use [48].
Secondly, other county-level covariates which were not
assessed in this analysis may be stronger predictors of
cancer screening such as community coherence. For
instance, despite a lack of hospitals and/or mammography clinics, some communities with high internal coherence may work together to create community centers
where cancer screening is offered periodically, or may
encourage each other by traveling together to other
neighborhoods to get screened. This positive impact of
community coherence on health behaviors such as cancer screening has also been described extensively in the
literature [46,49-52]. In addition, it is possible that measuring SES and healthcare access at the county level
diluted our measures through the aggregation of smaller
regions with high and low levels of the covariates. For
instance, zip-code or census tract level measures may
produce a more homogenous estimate of SES and
healthcare access, leading to better estimates of neighborhood level estimates. Unfortunately, such data are
not readily available and the only neighborhood level
identifier in the SCBRFS dataset was the county of
residence.
Some studies have suggested that older women with a
personal history of breast cancer are less likely to receive
surveillance mammography, especially women who had
gone without a visit to a physician in the past year [53-55].
In addition, most of the women in this study did not
require follow-up for an abnormal finding. However,
among the women that did, the majority received the follow-up within two weeks. Research studies have also suggested that the most important predictors of diagnostic
follow-up of an abnormal screening result were fear and
anxiety, lack of access care and lack of information from
screening staff [56,57]. Although we were unable to assess
the impact of breast cancer history and follow-up time on
mammography use or CBE due to the low sample size,
these studies are in line with our findings that having a
usual healthcare provider is a crucial predictor of breast
cancer screening.
In examining racial disparities in mammography
screening, it is important to include a discussion about
the effectiveness of the program and the impact this
might have on screening rates. A recent Cochrane

library review advices that women should be informed
that, for example, if 2000 women undergo regular
screening for 10 years, 1 breast cancer death will be prevented, 10 healthy women will be wrongly diagnosed
and treated, and 200 women will receive an initial
wrong diagnosis that does not result in treatment
[27,58]. Although we found no significant differences in
health insurance status and having a usual healthcare
provider between blacks and whites in this study population, this may not be true for the general population.
This implies that the population group with better
access to healthcare and a usual healthcare provider
may benefit more from screening by having higher participation rates and a better understanding of the potential benefits. Black women, with a historical mistrust of
the medical system, perceived racial discrimination or
fear of a cancer diagnosis may be disproportionately
harmed by the lack of accurate information on the benefits of screening [59]. This serves as further evidence
that having access to healthcare and a usual healthcare
provide may be the most important component to consider in eliminating racial disparities in breast cancer
screening.
There are several strengths of this study that should be
highlighted. First, the data was from a large, probability
sample of older non-institutionalized adults residing in
Michigan, improving the external validity of the results.
Second, the survey was focused on understanding risk factors for cancer and modeled after national cancer risk factor surveys, thereby improving the quality of the questions
and its internal validity. Third, the availability of a comprehensive set of individual socio-demographic and healthcare access variables enhanced the ability to control for
potential confounders in the analysis. Fourth, the ability to
incorporate a comprehensive measure of county healthcare access through several different databases including
the FDA to assess mammography facilities improved the
quality of the neighborhood covariates used in the analysis.
There are also a couple of limitations of this study.
First, the level of misclassification observed in reports of
cancer screening may apply to other questions in the survey, introducing potentially serious misclassification bias
in the survey responses. However, such misclassification
of socio-demographic and healthcare access variables, if
present, is expected to be non-differential with respect to
the outcome of cancer screening. In this study, adjusting
for misclassification bias had a larger impact on reported
clinical breast examination in the past two years compared with reported mammography use. For instance,
adjusted CBE was 15 percentage points lower than
reported among blacks, and 20 percentage points lower
among whites. Adjusted mammography test prevalence
was 5 percentage points lower among blacks, and less
than 1 percent lower among whites. The observed
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misclassification may be due to lack of understanding of
what CBE or mammography tests are. Other studies have
suggested that when more descriptive or graphic descriptions of procedures are used, false positive rates decline
[60]. In addition, misclassification bias has also been
described as being related to ‘forward telescoping of
dates’ in which events (such as screening) are remembered as occurring more recently than they actually did
[29]. Secondly, we included county level healthcare
access measures based on the quantity of healthcare facilities and personnel in a county. This county level aggregate analysis may not account for language, cultural or
financial barriers to accessing such facilities.
In summary, our research suggests that individual
healthcare access is an important determinant of adequate cancer screening among adult women in Michigan. Future studies in the US may focus on adjusting
socio-demographic covariates for potential misclassification, as well as measuring neighborhood level effects at
smaller geographical scales to further investigate the
presence of racial disparities in cancer screening. Globally, more research studies should focus on identifying
individual and neighborhood level factors that may
influence cancer screening. As breast cancer incidence
and mortality rates are projected to increase faster in
the coming decades due to westernization of lifestyles
and aging populations, early detection will become even
more important. Understanding region-specific barriers
to adequate screening will be helpful to design programs
aimed at improving screening rates for women regardless of race/ethnicity, socio-economic status or neighborhood of residence.
Acknowledgements
The SCBRFS was conducted with funding from the Michigan Department of
Community Health Cancer Prevention and Control Section. We are grateful
to Dr Allison Aiello for comments and suggestions regarding this
manuscript. TA was supported financially by the University of Michigan
Department of Epidemiology Doctoral Dissertation Fellowship and the
University of Michigan Rackham Merit Fellowship.
Author details
1
Department of Epidemiology, University of Michigan School of Public
Health, Ann Arbor, MI 48109, USA. 2Cancer Control and Prevention Program,
Michigan Public Health Institute, Okemos, MI, USA. 3Department of
Biostatistics, University of Michigan School of Public Health, Ann Arbor, MI
48109, USA. 4Department of Family Medicine and Public Health Sciences
and Barbara Ann Karmanos Institute, Wayne State University School of
Medicine, Detroit, MI, USA. 5Department of Internal Medicine, University of
Michigan Medical School, Ann Arbor, MI 48109, USA. 6University of Michigan
Center for Global Health, Ann Arbor, MI 48109, USA. 7Department of
Epidemiology, University of Michigan School of Public Health, 1415
Washington Heights, Ann Arbor, MI 48109-2029, USA.
Authors’ contributions
TA participated in the conception and design of the study, performed
statistical analysis and drafted the manuscript. AS, MB, MY, SM and KS
participated in the design of the study and helped to draft the manuscript.
All authors read and approved the final manuscript.

Page 10 of 11

Competing interests
The authors declare that they have no competing interests.
Received: 20 December 2011 Accepted: 21 March 2012
Published: 21 March 2012
References
1. Njai R, Siegel PZ, Miller JW, Liao Y: Misclassification of survey responses
and black-white disparity in mammography use, Behavioral Risk Factor
Surveillance System, 1995-2006. Prev Chronic Dis 2011, 8(3):A59.
2. Deshpande AD, Jeffe DB, Gnerlich J, Iqbal AZ, Thummalakunta A,
Margenthaler JA: Racial disparities in breast cancer survival: an analysis
by age and stage. J Surg Res 2009, 153(1):105-113.
3. Menashe I, Anderson WF, Jatoi I, Rosenberg PS: Underlying causes of the
black-white racial disparity in breast cancer mortality: a populationbased analysis. J Natl Cancer Inst 2009, 101(14):993-1000.
4. Demicheli R, Retsky MW, Hrushesky WJ, Baum M, Gukas ID, Jatoi I: Racial
disparities in breast cancer outcome: insights into host-tumor
interactions. Cancer 2007, 110(9):1880-1888.
5. Newman LA, Griffith KA, Jatoi I, Simon MS, Crowe JP, Colditz GA: Metaanalysis of survival in African American and white American patients
with breast cancer: ethnicity compared with socioeconomic status. J Clin
Oncol 2006, 24(9):1342-1349.
6. Newman LA: Breast cancer in African-American women. Oncologist 2005,
10(1):1-14.
7. Altekruse SF: SEER Cancer Statistics Review, 1975-2007 2010.
8. The Cancer Burden in Michigan: Selected Statistics – 1993-2011. [http://
www.michigancancer.org/PDFs/MCCReports/CancerBurden-Sept2011/
AllSections.pdf].
9. Martin DN, Boersma BJ, Yi M, Reimers M, Howe TM, Yfantis HG, Tsai YC,
Williams EH, Lee DH, Stephens RM, Weissman AM, Ambs S: Differences in
the tumor microenvironment between African-American and EuropeanAmerican breast cancer patients. PLoS One 2009, 4(2):e4531.
10. Schootman M, Jeffe DB, Gillanders WE, Aft R: Racial disparities in the
development of breast cancer metastases among older women: a
multilevel study. Cancer 2009, 115(4):731-740.
11. Gao Q, Tomlinson G, Das S, Cummings S, Sveen L, Fackenthal J, Schumm P,
Olopade OI: Prevalence of BRCA1 and BRCA2 mutations among clinicbased African American families with breast cancer. Hum Genet 2000,
107(2):186-191.
12. Cunningham JE, Montero AJ, Garrett-Mayer E, Berkel HJ, Ely B: Racial
differences in the incidence of breast cancer subtypes defined by
combined histologic grade and hormone receptor status. Cancer Causes
Control 2010, 21(3):399-409.
13. Ray M, Polite BN: Triple-negative breast cancers: a view from 10,000 feet.
Cancer J 2010, 16(1):17-22.
14. Sprague BL, Trentham-Dietz A, Gangnon RE, Ramchandani R, Hampton JM,
Robert SA, Remington PL, Newcomb PA: Socioeconomic status and
survival after an invasive breast cancer diagnosis. Cancer 2011,
117(7):1542-1551.
15. Booth CM, Li G, Zhang-Salomons J, Mackillop WJ: The impact of
socioeconomic status on stage of cancer at diagnosis and survival: a
population-based study in Ontario, Canada. Cancer 2010,
116(17):4160-4167.
16. Krieger N, Chen JT, Waterman PD, Rehkopf DH, Yin R, Coull BA: Race/
ethnicity and changing US socioeconomic gradients in breast cancer
incidence: California and Massachusetts, 1978-2002 (United States).
Cancer Causes Control 2006, 17(2):217-226.
17. Harper S, Lynch J, Meersman SC, Breen N, Davis WW, Reichman MC: Trends
in area-socioeconomic and race-ethnic disparities in breast cancer
incidence, stage at diagnosis, screening, mortality, and survival among
women ages 50 years and over (1987-2005). Cancer Epidemiol Biomarkers
Prev 2009, 18(1):121-131.
18. Celaya MO, Berke EM, Onega TL, Gui J, Riddle BL, Cherala SS, Rees JR:
Breast cancer stage at diagnosis and geographic access to
mammography screening (New Hampshire, 1998-2004). Rural Remote
Health 2010, 10(2):1361.
19. Dai D: Black residential segregation, disparities in spatial access to
health care facilities, and late-stage breast cancer diagnosis in
metropolitan Detroit. Health Place 2010, 16(5):1038-1052.

Akinyemiju et al. International Journal for Equity in Health 2012, 11:16
http://www.equityhealthj.com/content/11/1/16

Page 11 of 11

20. Coughlin SS, Leadbetter S, Richards T, Sabatino SA: Contextual analysis of
breast and cervical cancer screening and factors associated with health
care access among United States women, 2002. Soc Sci Med 2008,
66(2):260-275.
21. Smith-Bindman R, Miglioretti DL, Lurie N, Abraham L, Barbash RB,
Strzelczyk J, Dignan M, Barlow WE, Beasley CM, Kerlikowske K: Does
utilization of screening mammography explain racial and ethnic
differences in breast cancer? Ann Intern Med 2006, 144(8):541-553.
22. Chang SW, Kerlikowske K, Napoles-Springer A, Posner SF, Sickles EA, PerezStable EJ: Racial differences in timeliness of follow-up after abnormal
screening mammography. Cancer 1996, 78(7):1395-1402.
23. Jones BA, Dailey A, Calvocoressi L, Reams K, Kasl SV, Lee C, Hsu H:
Inadequate follow-up of abnormal screening mammograms: findings
from the race differences in screening mammography process study
(United States). Cancer Causes Control 2005, 16(7):809-821.
24. Adams SA, Smith ER, Hardin J, Prabhu-Das I, Fulton J, Hebert JR: Racial
differences in follow-up of abnormal mammography findings among
economically disadvantaged women. Cancer 2009, 115(24):5788-5797.
25. Nystrom L, Andersson I, Bjurstam N, Frisell J, Nordenskjold B, Rutqvist LE:
Long-term effects of mammography screening: updated overview of the
Swedish randomised trials. Lancet 2002, 359(9310):909-919.
26. Smith RA, Duffy SW, Gabe R, Tabar L, Yen AM, Chen TH: The randomized
trials of breast cancer screening: what have we learned? Radiol Clin North
Am 2004, 42(5):793-806, v.
27. Gotzsche PC, Hartling OJ, Nielsen M, Brodersen J, Jorgensen KJ: Breast
screening: the facts-or maybe not. BMJ 2009, 338:b86.
28. Hirsch BR, Lyman GH: Breast Cancer Screening with Mammography. Curr
Oncol Rep 2011, 13(1):63-70.
29. Rauscher GH, Johnson TP, Cho YI, Walk JA: Accuracy of self-reported
cancer-screening histories: a meta-analysis. Cancer Epidemiol Biomarkers
Prev 2008, 17(4):748-757.
30. Jackson MC, Davis WW, Waldron W, McNeel TS, Pfeiffer R, Breen N: Impact
of geography on mammography use in California. Cancer Causes Control
2009, 20(8):1339-1353.
31. Wells KJ, Roetzheim RG: Health disparities in receipt of screening
mammography in Latinas: a critical review of recent literature. Cancer
Control 2007, 14(4):369-379.
32. Zenk SN, Tarlov E, Sun J: Spatial equity in facilities providing low- or nofee screening mammography in Chicago neighborhoods. J Urban Health
2006, 83(2):195-210.
33. Barr JK, Kelvey-Albert M, Curry M, Gaudiosi A, Testa K, Elwell A, Petrillo M,
Meehan TP: Reducing disparities in utilization of mamography: reaching
dually eligible women in Connecticut. J Health Hum Serv Adm 2003,
26(3):298-335.
34. Tarlov E, Zenk SN, Campbell RT, Warnecke RB, Block R: Characteristics of
mammography facility locations and stage of breast cancer at diagnosis
in Chicago. J Urban Health 2009, 86(2):196-213.
35. Centers for Disease Control and Prevention (CDC): Vital signs: breast
cancer screening among women aged 50-74 years - United States, 2008.
MMWR Morb Mortal Wkly Rep 2010, 59(26):813-816.
36. Rosenberg L, Wise LA, Palmer JR, Horton NJ, Adams-Campbell LL: A
multilevel study of socioeconomic predictors of regular mammography
use among African-American women. Cancer Epidemiol Biomarkers Prev
2005, 14(11 Pt 1):2628-2633.
37. Dailey AB, Kasl SV, Holford TR, Calvocoressi L, Jones BA: Neighborhoodlevel socioeconomic predictors of nonadherence to mammography
screening guidelines. Cancer Epidemiol Biomarkers Prev 2007,
16(11):2293-2303.
38. Special Cancer Behavioral Risk Factor Survey. 2008 [http://www.
michigancancer.org/PDFs/MCCReports/SCBRFS_2008-042910.pdf].
39. U.S. Census Bureau, Population Division: Annual Estimates of the Resident
Population for Counties of Michigan: April 1, 2000 to July 1, 2009 (COEST2009-01-26). 2010.
40. Counties and Equivalent Entities of the United States, Its Possessions,
And Associated Areas. [http://www.itl.nist.gov/fipspubs/fip6-4.htm].
41. Rothman KJ, Greenland S, Lash TL: Modern epidemiology 2008.
42. Vyas S, Kumaranayake L: Constructing socio-economic status indices: how
to use principal components analysis. Health Policy Plan 2006,
21(6):459-468.

43. Vinikoor LC, Lavinder E, Marsh GM, Steffes SM, Schenck AP: Predictors of
Screening Mammography Among a North and South Carolina Medicare
Population. Am J Med Qual 2011, 26(5):364-371.
44. Schueler KM, Chu PW, Smith-Bindman R: Factors associated with
mammography utilization: a systematic quantitative review of the
literature. J Womens Health (Larchmt) 2008, 17(9):1477-1498.
45. Smith ML, Hochhalter AK, Ahn S, Wernicke MM, Ory MG: Utilization of
Screening Mammography Among Middle-Aged and Older Women in
Central Texas. J Womens Health (Larchmt) 2011, 20(11):1619-1626.
46. Pourat N, Kagawa-Singer M, Breen N, Sripipatana A: Access versus
acculturation: identifying modifiable factors to promote cancer
screening among Asian American women. Med Care 2010,
48(12):1088-1096.
47. Young RF, Schwartz K, Booza J: Medical barriers to mammography
screening of African American women in a high cancer mortality area:
implications for cancer educators and health providers. J Cancer Educ
2011, 26(2):262-269.
48. Allen JD, Sorensen G, Stoddard AM, Peterson KE, Colditz G: The
relationship between social network characteristics and breast cancer
screening practices among employed women. Ann Behav Med 1999,
21(3):193-200.
49. Suarez L, Lloyd L, Weiss N, Rainbolt T, Pulley L: Effect of social networks on
cancer-screening behavior of older Mexican-American women. J Natl
Cancer Inst 1994, 86(10):775-779.
50. Katapodi MC, Facione NC, Miaskowski C, Dodd MJ, Waters C: The influence
of social support on breast cancer screening in a multicultural
community sample. Oncol Nurs Forum 2002, 29(5):845-852.
51. Farmer D, Reddick B, D’Agostino R, Jackson SA: Psychosocial correlates of
mammography screening in older African American women. Oncol Nurs
Forum 2007, 34(1):117-123.
52. Kang SH, Bloom JR: Social support and cancer screening among older
black Americans. J Natl Cancer Inst 1993, 85(9):737-742.
53. Doubeni CA, Field TS, Ulcickas Yood M, Rolnick SJ, Quessenberry CP,
Fouayzi H, Gurwitz JH, Wei F: Patterns and predictors of mammography
utilization among breast cancer survivors. Cancer 2006,
106(11):2482-2488.
54. Keating NL, Landrum MB, Guadagnoli E, Winer EP, Ayanian JZ: Factors
related to underuse of surveillance mammography among breast cancer
survivors. J Clin Oncol 2006, 24(1):85-94.
55. Field TS, Doubeni C, Fox MP, Buist DS, Wei F, Geiger AM, Quinn VP, Lash TL,
Prout MN, Yood MU, Frost FJ, Silliman RA: Under utilization of surveillance
mammography among older breast cancer survivors. J Gen Intern Med
2008, 23(2):158-163.
56. Battaglia TA, Roloff K, Posner MA, Freund KM: Improving follow-up to
abnormal breast cancer screening in an urban population. A patient
navigation intervention. Cancer 2007, 109(2 Suppl):359-367.
57. Allen JD, Shelton RC, Harden E, Goldman RE: Follow-up of abnormal
screening mammograms among low-income ethnically diverse women:
findings from a qualitative study. Patient Educ Couns 2008, 72(2):283-292.
58. Gøtzsche P, Nielsen M: Screening for Breast Cancer with Mammography
(Review) 2009, 4.
59. Gerend MA, Pai M: Social determinants of Black-White disparities in
breast cancer mortality: a review. Cancer Epidemiol Biomarkers Prev 2008,
17(11):2913-2923.
60. Siegel PZ, Qualters JR, Mowery PD, Campostrini S, Leutzinger C,
McQueen DV: Subgroup-specific effects of questionnaire wording on
population-based estimates of mammography prevalence. Am J Public
Health 2001, 91(5):817-820.
doi:10.1186/1475-9276-11-16
Cite this article as: Akinyemiju et al.: Healthcare access and
mammography screening in Michigan: a multilevel cross-sectional
study. International Journal for Equity in Health 2012 11:16.

